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摘  要
         
         
高温压力传感器在航天、航空、国防建设、能源开发等领域有广阔应用需求。传统
硅材料在高于200℃后机械/电学性能均受到较大影响，无法满足高温应用要求。另
一方面，传统高温传感器引线会导致电源、信号电路的温度升高问题，基于LC谐振
的无线传感器能实现非接触式测量，达到电性连接、调理电路与高温热源之间物理
隔离，提高传感器工作温度和稳定工作时间。因此，本论文提出一种SiC-LC谐振式
无线高温压力传感器，主要研究工作如下：
(1) 根据LC谐振测量原理设计电感内置及电感外置两种敏感元件的结构方案，采用
Silvaco软件对本体电容进行对比分析，得出电感内置结构具有本体电容小、谐振
信号易于检测、制备工艺难度更低等优势。基于电感内置方案优化电感值及电阻值
，并确定电学结构几何尺寸。利用COMSOL对敏感结构进行力-电-热多物理场仿真
，针对感压膜厚、密封腔高度等压力敏感结构尺寸进行仿真优化，确立传感器整体
尺寸。
(2) 对高温电感制备进行探究，分别制作金、铂、镍单层电感及金-镍-金、金-铂
多层电感并比较其高温性能，讨论阳极键合应用在SiC及BF33上的可能性。在单项
重难点工艺研究基础上确定了敏感芯片制备工艺流程，运用光刻、金属沉积、
ICP刻蚀、电镀、剥离、阳极键合、减薄等MEMS工艺，完成敏感芯片圆片级制备
，划片后整体尺寸为11mm×11mm×0.65mm。
(3) 对制备敏感芯片进行筛选、测试。搭建压力测试平台，对敏感芯片常温状态的
压力-谐振频率进行测试，常温下灵敏度均大于94.8 Hz/Pa，最大耦合距离为
6mm，具有较高的灵敏度与较好的片内重复性。在此基础上，完成敏感芯片的AlN封
装，并对传感器进行高温性能研究，最高测试温度达到450℃，非线性度为1.41%、
迟滞为0.57%、重复性为2.55%、相对不确定度为3.66%。
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Abstract
         
         
High temperature pressure sensor has broad application requirements in
aerospace, aviation, national defense construction, energy development and
other fields. Silicon material performance is greatly affected in the higher than 200
performance, can not meet the requirements of high temperature applications.  At
present, high temperature sensor will lead to power supply, signal circuit
temperature rise because of metal wire. The wireless sensor based on LC
resonance can realize non-contact measurement, which can realize the physical
isolation of the electrical connection, the conditioning circuit and the high
temperature heat source. Based on this, this paper presents a SiC-LC resonant
wireless high temperature pressure sensor to solve these problems, the main
research work is as follows:
(1) According to the principle of LC resonance measurement, two kinds of
sensitive components are designed. Silvaco software is used to analyze the bulk
capacitance of two schemes. It is considered that the scheme 2 is easy to be
detected and the preparation process is less difficult. Therefore, the built-in
structure scheme of inductance is adopted. The size of the inductive structure is
designed. The parameters of force-electric-thermal multi-physics are simulated by
COMSOL, and the parameters such as the thickness of the sensitive film and the
height of the capacitor cavity are simulated and optimized. Finally, the size
parameters of the sensitive structure are determined.
(2) The preparation of high temperature inductance was studied, and gold,
platinum, nickel single layer inductance and gold-nickel-gold, gold-platinum multi-
layered inductances were fabricated and compared with their high temperature
performance. Discuss the possibility of anode bonding applications on SiC and
BF33. The process of preparation of sensitive chip was determined. The
preparation of bonding wafer was carried out by MEMS process such as
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photolithography, metal deposition, ICP etching, electroplating, stripping and
anode bonding. By thinning and dicing the sensitive chip size is
11mm×11mm×0.65mm.
(3) The sensitive chip was screened and the influence of the coupling distance on
the signal intensity was investigated experimentally. Equipped with a pressure
test platform, the five sensitive chips measured at room temperature. The
sensitivity at room temperature are greater than 94.8 Hz / Pa. The sensor is
packaged and equipped with high temperature pressure calibration platform for its
high temperature performance. The maximum test temperature was 450 , the
nonlinearity was 1.41%, the retardation was 0.57%, the repeatability was 2.55%,
and the relative uncertainty was 3.66%.
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